At the time of writing, the family Bacillaceae in the order Bacillales comprised more than 50 recognized genera (http://www.bacterio.net/bacillaceae.html) with different physiological features. Many of these genera accommodate thermophilic or thermotolerant endospore-forming species, such as the genera Bacillus (Han et al., 2013; Yang et al., 2013a, b) , Caldalkalibacillus (Xue et al., 2006) , Geobacillus (Cihan et al., 2011) and Vulcanibacillus (L' Haridon et al., 2006) . Members of these genera have been isolated from various warm or hot environments. For example, Bacillus thermoantarcticus was isolated from a geothermal soil (Nicolaus et al., 1996) , Caldalkalibacillus thermarum was from a hot spring (Xue et al., 2006) , Geobacillus thermodenitrificans was from a high temperature well-pipeline sediment sample (Cihan et al., 2011) and Vulcanibacillus modesticaldus was from deep-sea hydrothermal vents (L'Haridon et al., 2006) . Compost is also a very important source for isolation of thermophiles, and many thermophilic or thermotolerant species in the family Bacillaceae isolated from compost have been reported (Sung et al., 2002; Yang et al., 2013a, b; Han et al., 2013) .
In our previous studies, we isolated some thermophilic bacteria from a demonstration compost plant in Guangdong Province, China and identified four novel Gram-stainingpositive, endospore-forming, facultatively anaerobic species as Bacillus composti (Yang et al., 2013a) , Bacillus thermocopriae (Han et al., 2013) , Bacillus thermophilus (Yang et al., 2013a) and Bacillus thermotolerans (Yang et al., 2013b) . In this paper, we describe two novel moderately thermophilic bacteria, designated strains DX-3 T and GIESS002, which were isolated from different compost samples obtained in the thermophilic and maturation phases of composting, respectively. On the basis of partial 16S rRNA gene sequence analyses, the novel isolates were found to be closely related to members of the genera Ornithinibacillus, Oceanobacillus, Virgibacillus, Terribacillus, Halobacillus, Sediminibacillus, Paucisalibacillus and Lentibacillus. However, the polyphasic taxonomic analysis indicated that these two isolates could not be assigned to any of the recognized genera, and represented a novel species in a new genus, Compostibacillus humi gen. nov., sp. nov., of the family Bacillaceae. compost sample was added to 100 ml 0.85 % (w/v) NaCl solution, stirred for 30 min, diluted serially, and then placed on agar plates of trypticase soya agar (TSA; pH 7.2), which contained (l 21 ): 17 g tryptone, 3 g soytone, 5 g NaCl, 2.5 g K 2 HPO 4 , 2.5 g glucose and 15 g agar. After incubation at their respective source temperature for 5 days, a single colony was picked and transferred to fresh TSA medium for further purification. Strain DX-3 T was isolated from the compost sample in the thermophilic phase of composting at 55 u C, while strain GIESS002 was from the sample in the maturation phase at a temperature of 45 u C. These two isolates were preserved at 280 u C in tryptic soy broth (TSB; Oxoid) supplemented with 15 % (v/v) glycerol for further study.
Total genomic DNA was prepared using a commercial genomic DNA extraction kit (Aidlab Biotechnologies). The 16S rRNA genes of strains DX-3 T and GIESS002 were PCRamplified using universal primers (27f and 1492r; Baker et al., 2003) . After purification using a Gel Extraction kit (D2500-01, Omega Bio-tek), the PCR products were cloned into a plasmid vector using a TA cloning kit (TaKaRa) and sequenced using an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). Sequences closely related to those of the two isolates were obtained using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The 16S rRNA gene sequences of the novel strains and related strains were aligned using CLUSTAL X (Thompson et al., 1997) and sequence similarities with alignment gaps and ambiguous bases omitted were calculated using MEGA version 5.0 (Tamura et al., 2011) . Phylogenetic trees were reconstructed on the basis of the aligned 16S rRNA gene sequences using the maximum-likelihood, minimum-evolution and maximumparsimony methods. Statistical support for the branches of the phylogenetic trees was determined using bootstrap analysis (Felsenstein, 1985) based on 1200 resamplings.
Almost full-length 16S rRNA gene sequences of strains DX-3 T (1555 nt) and GIESS002 (1556 nt) were obtained. Sequence analysis results revealed that these two isolates were closely related to each other with a high sequence similarity of 99.6 % and belonged to the family Bacillaceae. For both strains, the 16S rRNA gene sequence similarities with members of all genera in the family Bacillaceae were equal to or lower than 96.2 %, e.g. Ornithinibacillus (¡96.2 %), Oceanobacillus (¡94.5 %), Virgibacillus (¡94.6 %), Terribacillus (¡94.0 %), Salinibacillus (¡93.7 %) and Bacillus (¡93.4 %). The two isolates did not show more than 93 % similarity with any other genera of the family Bacillaceae. The phylogenetic tree based on the maximum-likelihood method showed that the two novel isolates clustered in a separate clade (Fig. 1) , which was also shown in the minimum-evolution and maximum-parsimony trees (Fig. S1 , available in the online Supplementary Material), indicating that these two isolates might represent a novel species in a new genus.
The DNA G+C contents of strains DX-3 T and GIESS002, determined by HPLC as described by Mesbah et al. (1989) , were 43.7 and 43.2 mol%, respectively. These values were significantly higher than those of the reference strains as shown in Table 1 . The DNA G+C contents also supported the view that these two isolates were distinguishable from all members of the closely related genera Ornithinibacillus (36-41 mol%) (Mayr et al., 2006; Bagheri et al., 2013) , Oceanobacillus (33.6-40.2 mol%) (Namwong et al., 2009) and Virgibacillus (30.7-43 mol%) (Carrasco et al., 2009) (Table S1 ). In addition, DNA-DNA hybridization was performed using the microplate hybridization method (Ezaki et al., 1989) . DNA-DNA hybridization results between strains DX-3 T and GIESS002 indicated high levels of relatedness (100 and 99 %, reciprocally), suggesting that the two isolates belong to the same species. By contrast, strain DX-3
T was a member of a different species from Ornithinibacillus contaminans (31.2-32.8 % relatedness between DX-3 T and Ornithinibacillus contaminans DSM 22953 T ).
In order to characterize strains DX-3 T and GIESS002 phenotypically, standard tests were performed. Recommended minimal standards for describing new taxa of aerobic, endospore-forming bacteria were followed (Logan et al., 2009 ).
Cell morphology and endospore formation were examined using a JEM 1400 transmission electron microscope (TEM; JEOL) and a light microscope (BX51, Olympus), respectively. Motility was tested by observing the growth spread in a plate of semi-solid TSA medium (Mayr et al., 2006) . The temperature range (10, 15, 20, 25, 30, 37, 40, 45, 50, 55, 57, 60, 65 and 70 u C) for growth was investigated in TSB for up to 1 week. To test the optimal growth pH, the distilled water in TSB was replaced with the following buffers: for pH 5.0-5.5, 0.1 M citric acid/0.1 M sodium citrate; for pH 6.0-8.5, 0.1 M KH 2 PO 4 /0.1 M NaOH; for pH 9.0-10.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 . Tolerance to NaCl was tested in TSB containing 0-15 % (w/v) NaCl in increments of 0.5 %. Anaerobic growth was examined in an anaerobic chamber (Sheldon Manufacturing) for 2 weeks. Gram staining, nitrate reduction, methyl red and VogesProskauer reactions, indole production, H 2 S production, and hydrolysis of aesculin, starch, gelatin, casein, DNA and Tween 80 were performed as recommended by Smibert & Krieg (1994) . Catalase was tested with 3 % (v/v) H 2 O 2 and oxidase was determined using an oxidase reagent (bioMérieux). Haemolysis was assessed by spot-inoculation on TSA supplemented with 5 % (v/v) ovine blood (Oxoid) after cells were incubated at 37 u C for 1-3 days. Utilization of various substrates as sole carbon source was examined as described by Dong & Cai (2001) . Utilization of various substrates as sole nitrogen source was tested in a basal medium (0.2 g MgSO 4 . 7H 2 O, 5.0 g NaCl, 0.5 g K 2 HPO 4 , 0.5 g K 2 HPO 4 , 0.02 g yeast extract and 15 g agar in 1000 ml distilled water, pH 7.5) supplemented with Dglucose (1 %, w/v). The API 20E and API 50CH systems (bioMérieux) were used to determine the acid production from substrates and some other physiological and biochemical properties according to the manufacturer's instructions.
Cells of strains DX-3 T and GIESS002 were Gram-stainingpositive, facultatively anaerobic, motile by peritrichous flagella and rod-shaped (0.6-0.861.6-3.0 mm) (Fig. S2) . Cylindrical or ellipsoidal endospores were produced at the terminal position in swollen sporangia. Both strains were moderately thermophilic and grew optimally at 50 uC, with the difference that strain T could grow at 60 u C but strain GIESS002 could not. Growth temperature also separated the two isolates from the related species Ornithinibacillus contaminans, Ornithinibacillus bavariensis, Oceanobacillus profundus and Virgibacillus halophilus, which cannot grow optimally at a temperature higher than 42 uC (Table 1 ). The two novel isolates were able to grow at pH 7.0-10.0 (optimally at pH 8.0 and pH 8.0-8.5 for strains DX-3 T and GIESS002, respectively). Strain DX-3 T grew with 0.5-11 % (w/v) NaCl, with optimal growth at 6 % (w/v) NaCl, while growth of strain GIESS002 occurred with 0.5-10 % (w/v) NaCl (optimum 5.5 %). Both strains gave positive results for catalase, oxidase, citrate utilization, and hydrolysis of gelatin and casein, and negative results for methyl red and Voges-Proskauer reactions, nitrate reduction, production of H 2 S and indole, urease, and hydrolysis of starch, aesculin, DNA and Tween 80. b-Haemolysis was observed after 3 days of incubation on blood agar at 37 u C for strains DX-3 T and GIESS002. Detailed phenotypic features are included in the species description and Tables 1, S1 and S2.
Isoprenoid quinones of the isolates were extracted with methanol from freeze-dried cells and purified by TLC. The purified isoprenoid quinones were analysed with HPLC (model 1260, Agilent) as described by Groth et al. (1997) . Strain DX-3
T contained a quinone system that consisted of 
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the major compound MK-7 (97.1 %) and the minor compound MK-8 (2.9 %). In strain GIESS002, the MK-7 and MK-8 accounted for 96.4 % and 3.6 % of the total isoprenoid quinones, respectively. These quinone systems were consistent with those found in the reference strains and most of the other species in the family Bacillaceae.
For analyses of the cell-wall peptidoglycan and polar lipids, cells of strains DX-3 T and GIESS002 were prepared by cultivation on TSA supplemented with 5.5 % (w/v) NaCl at 50 u C. After cell-wall material was prepared and hydrolysed, the cell-wall peptidoglycan was isolated and determined by TLC on cellulose plates using published protocols (Schumann, 2011) . The quantitative ratio of amino acids in the peptidoglycan hydrolysate (4 M HCl, 100 u C, 16 h) was then determined by GC/MS (320 Singlequad, Varian). Analysis results showed that the peptidoglycans of strains DX-3 T and GIESS002 contained the same predominant amino acids, alanine (Ala), glutamic acid (Glu) and meso-diaminopimelic acid (meso-DAP) in molar ratios of 1.1 : 1.0 : 0.6 and 1.0 : 1.0 : 0.5, respectively. In addition to the amino acids mentioned, the partial hydrolysates of both peptidoglycans consisted of the peptides L-Ala-D-Glu and meso-DAP-D-Ala. Therefore, the cell-wall peptidoglycan types of these two isolates were identified as A1c meso-DAP-direct (http://www.peptidoglycan-types. info), which was in accordance with those reported for the closely related genera in the family Bacillaceae except for the genera Ornithinibacillus (A4b L-Orn-D-Asp), Halobacillus (A4b L-Orn-D-Asp) and Paucisalibacillus (A4a L-Lys-D-Asp) (Table S1 ).
Polar lipids were extracted, separated by two-dimensional TLC and identified as described by Minnikin et al. (1984) . Different detection reagents, including molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol were used to determined total lipids, phospholipids, aminocontaining lipids and glycolipids, respectively. For strains T and GIESS002, the polar lipid profiles consisted of predominant components of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and phosphatidylethanolamine (PE) (Fig. S3) . The polar lipid profiles distinguished these two isolates from members of the closely related genera Ornithinibacillus and Virgibacillus, whose members seldom contain PE as the predominant polar lipid (Carrasco et al., 2009; Kämpfer et al., 2010; Shin et al., 2012) .
In preparation for cellular fatty acid profile analysis, cells of the two novel isolates and the reference strains were grown at their respective optimum growth temperatures in TSB until the late-exponential growth phase, harvested by centrifugation, washed with distilled water and freeze-dried. The fatty acids in whole cells were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0B). Fatty acids were analysed with GC (model 6890, Agilent) and identified using the TSBA6.0 database of the Microbial Identification System. Six fatty acids with abundance of .5 % were detected for strain DX-3 T : iso-C 15 : 0 (31.2 %), iso-C 17 : 0 (17.6 %), anteiso-C 17 : 0 (15.4 %), anteiso-C 15 : 0 (8.4 %), iso-C 16 : 0 (7.5 %) and C 16 : 0 (6.6 %), while the fatty acid profile of strain GIESS002 comprised mainly iso-C 15 : 0 (28.8 %), anteiso-C 15 : 0 (17.0 %), anteiso-C 17 : 0 (14.5 %), iso-C 17 : 0 (13.8 %) and iso-C 16 : 0 (10.6 %). Fatty acid profiles of the two strains and reference strains are summarized in Table 2 . In comparison with the references and most members of the family Bacillaceae, the fatty acid profiles of these two isolates had certain similar features, i.e. varied and abundant saturated branched-chain fatty acids and occurrence of longer chain fatty acids with 15-17 carbons (Mayr et al., 2006; Nunes et al., 2006; Carrasco et al., 2008) . However, the iso-C 15 : 0 /anteiso-C 15 : 0 ratio of greater than 1 could distinguish the novel isolates from most members of the genera Ornithinibacillus, Oceanobacillus and Virgibacillus, and all members of other related genera, i.e. Terribacillus, Halobacillus, Sediminibacillus, Paucisalibacillus and Lentibacillus (Table S1 ).
Among existing genera, the genera mentioned in Table S1 are the candidates to accommodate strains DX-3 T and GIESS002 without loss of monophyleticity. However, phylogenetic analysis of 16S rRNA gene sequences revealed that these two isolates represent a novel branch within the Gram-staining-positive, endospore-forming bacteria in the family Bacillaceae. The novel isolates can also be distinguished from related genera by some taxonomic characteristics. For instance, temperature for growth (range and Cells are Gram-staining-positive, motile, endospore-forming and rod-shaped. Cylindrical or ellipsoidal endospores are produced at the terminal position in swollen sporangia. Moderately thermophilic. Oxidase-and catalase-positive. Nitrate is not reduced. Phylogenetically related to the genus Ornithinibacillus and other genera of the family Bacillaceae. The cell-wall peptidoglycan type is determined as A1c (meso-DAP direct). The cellular fatty acids consist mainly of isoand anteiso-branched acids, with iso-C 15 : 0 predominating and anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 17 : 0 and iso-C 16 : 0 in moderate amounts. The major respiratory quinone is MK-7. The DNA G+C contents of known strains are 43.2-43.7 mol%. The type species is Compostibacillus humi.
Description of Compostibacillus humi sp. nov.
Compostibacillus humi (hu9mi. L. gen. n. humi of the soil).
Exhibits the following properties in addition to those given in the genus description. Cells are 0.6-0.8 mm61.6-3.0 mm in size. Motile by peritrichous flagella. Colonies are circular, entire, smooth, yellowish brown and with a diameter of 2-3 mm on TSA after 48 h of incubation at 50 u C. Anaerobic growth occurs. Grows at 30-60 u C (optimally at 50 u C), pH 7.0-10.0 (optimally at pH 8.0-8.5) and 0.5-11 % (w/v) NaCl (optimally 5.5-6 %, w/v, NaCl). b-Haemolysis is observed. Citrate is utilized. The methyl red and VogesProskauer reactions, and activities of b-galactosidase, arginine dihydrolase, lysine decarboxylase, orinithine decarboxylase, urease and tryptophan deaminase are negative. Indole, H 2 S and acetoin are not produced. Gelatin and casein are hydrolysed, but starch, aesculin, DNA and Tween 80 are not. D-Ribose, sodium malonate, sodium acetate, lactic acid, L-alanine, glycogen, 3-hydroxybenzoic acid, Lserine, D-mannitol, 3-hydroxybutyric acid, 4-hydroxybenzoic acid and L-proline can be utilized as sole carbon sources; maltose, sucrose, D-glucose, D-sorbitol, L-arabinose, propionic acid and L-histidine cannot be utilized. NH 4 Cl, (NH 4 ) 2 SO 4 and NH 4 NO 3 can be utilized as sole nitrogen sources, but NaNO 3 , KNO 3 , Mg(NO 3 ) 2 , ammonium acetate and hexamethylenetetramine cannot. Acid is produced from D-ribose, D-fructose, L-sorbose, aesculin ferric citrate, Dtagatose and potassium 5-ketogluconate, but not from glycerol, D-xylose, D-mannose, methyl a-D-glucopyranoside, N-acetylglucosamine, amygdalin, cellobiose, lactose, maltose, sucrose, trehalose, starch, xylitol or D-arabitol. The major cellular fatty acids are iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 and anteiso-C 15 : 0 . The polar lipid profile consists of diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The G+C content of the genomic DNA is 43.2-43.7 mol%.
The type strain is DX-3 T (5KCTC 33104 T 5CGMCC 1.12360 T ), isolated from sludge compost samples collected from a compost plant in Guangdong Province, China. Strain GIESS002 (5CCTCC AB 20131085KCTC 33158) is a reference strain of the species, isolated from the same source. The type strain produces acid from L-sorbose, but not from D-glucose, D-mannitol, arbutin, salicin or gentiobiose. The DNA G+C content of the type strain is 43.7 mol%.
